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I. ABSTRACT

The application of a hot wire anervmeter as a sampling device for
& dibutyl phthalate aerosol was foum; to be reliable. The count ob-
tained by particles impacting on the heated filament in laminar flows
showed a direct correlation to the concentretions measured by two other
means .

In the runs conducted counts as high as 1000 counts per second per
inch of wire length were noted and it was estimated that all drops above
3 to 5 microns were counted. With proper filtering of undesireble noise
and slight improvememts on the present set-up, the size of droplets to
cause a countable signal will be lowered, and the application of the
instrument hence broadened, improved, and then extended to turbulent
streams.

An analysis is shown perturbing the equations of motion for an
aerosol in air, attempting to arrive at the important Reynold's type
equations. The resulting differential equation has both lagrangian and
Bulerian terms wvhich do not immediately yield the corresponding corre-

lating terms.




-1l-

II. THE HOT WIRE ANEMOMETER

A vire heated to a mean temperature ew placed in a stream at
mean temperature ¢ o will be cooled by the :stream itself and by the
aerosol droplets, also at temperature 9 o’ which come in contact with
it. If this sensing wire is heated by & constant current, the fluctu-
ations in the cooling effect of the stream caused by its turbulence and
the instantaneous cooling due to the droplets will cause variations in
the wire temperstures and hence changes in the resistance of the wire.
These resistance changes will in turn cause changes in the voltage of
the constant current heating the wire.

By amplifying the voltage variations due to the cooling effects,
both from turbulence and the aerosol droplets, and discriminating these
either by their amplitude or frequency, a count of the impactions on the
wire anemometer can be made.

A dlock diegram of the instrumentation used is shown in Fig. 1.

The tungsten wire used had a diameter of .00018" and & sensitive length
of .068". The small tungsten filament was part of one of the legs of

& Wheatstone bridge, which being initially balanced when the aercsol was
not being injected in the wind tunnel, give a signal or detector voltage
proportional to any resistan:e change in the heated filament.

The heat per unit time transferred from the wire to the air stream,

with no aerosol, is given as

ands (0, - 6,)

o



vhere
a = heat transfer coefficient
d = wire diameter
{ = wire length
ew = temperature of wire
6, = undisturbed stream temperature

For thermal equilibrium then,

IaRw = andg (9w -9.) (1)

o
vwhere
I = current flow through the wire

Rw = resistance of the wire at operating temperature
The heat transfer coefficient can be empirically related to Prandtl
Number and Reynold's number, and these in turn can be lump.d into the
following form:

R
%R, = (A+ B/0) "R 2 (2)
[o]

The constant A i1s directly provortional to the length £, and
inversely proportional to the temperature coefficient of electric
resistivity, a, of the wire, whereas the constant B is proportional to
the square root of the wire diameter as well as directly proportibml
and inversely proportional to a. The constants A and B are ulualiy
obtained empirically for known velocity levels. A detailed derivation
of the above relationship can be obtained in "Turbulence" by J. O. Hinze
(McGraw-H111).

When exposed to turbulent, or fluctuating air flow, the wire will
have a change in resistance whose value can be based on the given thermal

equilibrium relationship.
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The total stream velocity U can be broken up into a mean velocity
U and a fluctuating component u. The resulting wire resistance R, can
be similarly interpreted as composed of a mean value ﬁw and e change or

offset from the mean value, T, The mean values will be related as

R -R
I%R, = (A + Bf:l:I)' 2 (3)
[0}

In order to ﬁnd_ the relationship between u and r, ve substitute

in Eq. (2) to obtain:

_ ~ R +r -R
I* (R, +r) = (A+B,{ T+u) 2
o]

If in addition to the small cooling caused by the fluctuating turbulence,

we consider the impactions of a droplet of mass m and specific heat ci,,

then, if m is mass per unit time,

2 Rw+rw'Ro .
= " ] -
I2(R +r) (A+B,' U+ u R +mcp (9, eo)

o)

But

8o then

o'ﬁ -
2 (R +r.) -{(A+B g+u)+1:2'-\lw+rw R,

o]

for ﬁw -R >r,  aud T >> u, and using Eq. (3), the above

simplifies to
xﬁc’
- °r, - TB“_+—°,2W ()
2 (U
R -R
vhere @ = overheat ratio = VR Q

o]
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The voltage fluctuations due to the combined effects of turbulence and

droplet impactions will be given as

]
e=1w=-slu-sam (5)

where the coefficients Sl ani S2 can be considered as sensitivities,

B fﬁwa
S = S =
1 215U 2 o

It is desirable to make 82’ as well as the ratio Sa/S:L large.

glven as:

As
c! (b)2
8 = Lg—
and
S et 27, c! |I's
1 FRN Y
5] 7|3

as it was found that B was proportional to the square root of the wire
diameter, as well as directly proportional to £ and inversely propor-
tional to a. For larger overheat ratios and mean stream velocities,
and smaller wire lengths, diameters and wire temperature coefficient
of resistivity, the chances of discriminating the impactione from the
turbulence will improve.

Using Eq. (3) it can be shown that

L@ EYE g @ eens,
2 o (A+B rﬁ)]lk_ (Bconst. Jﬁd)

or if o = resistivity
/2
s q¥l(e+1)p
d¥(1+const réd)
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which shows that 82 is independent on wire length but increeses with
overheat ratio, resistivity and decreases very fast with wire diameters.
The detected voltage on the wheatstone bridge 1s compensated for
the thermal lag caused by the wire and simultaneously amplified by a
compensation amplifier as described in Ref. 2. The low frequencies
of the signal are then filtered with an RC filter and the filtered sig-
nal is in turn fed into a Tektronix Type 533 Oscilloscope with a Type B
Plug-in-Unit set at a magnification of 1 volts/cm. A Hewlett Packard
Type 521E electronic counter was adjusted so variations in voltage above
.028 volts in the amplified signal would cause a count. The electronic
counter, in addition to an input sensitivity adjustment with a continuous
adjustable sensitivity from .2 volts rms to 100 volts rms also has gating
times of l/lb, 1l and 10 seconds. In the runs so far performed the gating
time was set at 10 seconds. The range of the counter is specified as 1
eps to 120 kilocycles; blips as close as 8 x 10-6 seconds would hence
still be counted.
In future studies the use of a constant temperature type of hot
wire anemometer is to be investigated. A constant temperature anemometer

does not require compensation and might give a more distinct signal.

III. TEST PROCEDURE

The output from & DeVilbiss constant flow type 841l Nebulizer was
introduced into a small wind tunnel shown in Fig. 2. The mean velocity
at the exit of the wind tunnel was of 11'/sec. and the cross section at
the exit mouth was of 1.96 inches in diameter.

The aerosol was introduced into the wind tunnel at a steady rate,

and upon also reaching steady output conditions at the tunnel mouth the



following measurements and samples were taken.

1) With a fixed over-heat ratio on the hot wire placed in line
with the axis of the tunnel )the impactions recorded by the counter were
noted for at least 10 counts as obtained with a gate time of 10 seconds.
The difference in between successive readings rarely exceeded 10 per-
cent, so the deviation in the mean count was well under 5 percent. The
orientation and location of the hot wire were found not to be critical
in the count and the probe was hence placed by eye at approximately the
same position from run to run. The mean count obtained was furthermore
found to be constant with time. It must be noted however that no runs
were taken for more than thirty minutes and that the effect of aging on
the wire has not yet been thoroughly investigated. Aging of the wire may
be caused both by stretching and coating or oxidation. Stretching will
cause an increase in the wire overall resistance, whereas a coating on
the wire may ceuse & decrease in the overall resistance. Any changes in
the wire resistance will affect the over-heat ratio and also the sensiti-
vity to the impactions. In the runs taken the wire was kept in operation
long enough so the counts obtained would yleld a reliable average value
which did not vary due to changes in the wire resistance for runs as
long as thirty minutes in duration.

2) A device hereafter called "trapping cylinder" was built to
permit the capture of a sample from the aerosol stream from which the
mass mean diameter and concentration could be evaluated. As the name
implies, the sampling device consists of a cylinder, Fig. 3, which may be
oriented so the stream flows through it undisturbed until spring loaded
covers are triggered. The covers, after being released, completely en-

close a volume of the stream, and if the cylinder is immediately placed
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in a vertical poseit: on, the aerosol will settle gravitationally on one
of the covers which is conveniently made out of glass and can be removed
after all the droplets have settled.

The terminal velocity of a 1 micron rigid sphere is of 3.49 x 10"3
cm/sec (Ref. 3 page 65). A 1 micron dibutyl phthalate drop, right below
the top cover would then take less than an hour to settle on the glass
slide if only gravity effects were acting on it. In all the samples
collected settling times from three to five hours were allowed. The
evaporation effects were still negligibie and particles from one half
a micron up had all settled when the glass slides were observed.

For the first runs measurements of density, or number of particles
per unit area, on the slide were taken at different locations. Due to
the acceleration force acting on the particles upon placing the trapping
cylinder in a vertical position it was expectéd that some non-uniform
density would result on the slide. It was found however that the vari-
ation in density was not dependent on the location of the slide, except,
of course, for a narrow width along the edge of the circular glass piece.
Sufficient pictures and observations were then made to obtain a reliable
measure of mass mean dlameter and aerosol concentration. A typical
photograph of the sample collected is shown in Fig. 4. In the determi-
nation of aerosol concentrations through the wind tunnel it was assumed
that the number of particles clinging onto the walls of the trapping
cylinder was negligible when compared with the number of particles
settling on the glass slide itself. In all cases the glass slide was
cleaned with alcohol rinsed with water and polished with Laboratory

Aerosol Solution prior to sampling.
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3) The third method used to determine the concentration and numnber
of particles of dibutyl phthalate flowing through the tunnel was to sample
isokinetically through & Gelman 1/4" diameter isokinetic probe. Type AM-4
Gelman Polypore filter pads, 2" diameter were used. Samples were collected
by isokinetically sampling during four different lengths of time, in be-
tween 20 and 120 seconds. The collected samples were first dissolved in
alcohol and then treated with sodium carbonate and diazo-benezene sul-
fonic acid which gave a color depending on the amount of B-naphthol tracer
and hence also dibutyl phthalate collected. By comparing with standard
solutions the corresponding aerosol concentrations in the stream can be
calculated as the average of the values obtained based on each one of
the four collected samples. Through some initial checks it was found
that there was no considerable amount of dibutyl phthalate leaking through
the filter pad. The flow through the probe was adjusted so that sampling
as close to isokinetic as possible was undertaken. The possible de-
posits of dibutyl phthalate on the walls of the probe were neglected.

With sampling times above 30 seconds it is Justifiable to consider the
error introduced by neglecting the deposits on the wall as a small

amount .

Iv. TEST RESULTS

With a wire .068" in length,an overheat ratio of Q.4 and sensi-
tivity of the counter and amplifiers set so voltage variations above .028
volts caused a count, nine runs were performed for which the following
data was obtained.

a) Average number of counted impactions on the wire for a ten

second interval.
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b) Mass mean diameter of the collected sample and number of

particles within a size interval collected on the glass slide.

¢) Amount of aerosol, in grams, collected through the probe per

unit time. By assuming a mass mean diameter as given above the

number of particles flowing into the probe per unit time may be
evaluated.

Table I shows the results obtained for runs 17 through 25. Runs
1 through 17 were done with different wire lengths and different elec-
tronic set-ups and do not give a direct correlation with the tabulated
values.

A visual observation of Fig. 4 will show that the size distribution,
even though it will tolerate a relatively good estimate of the mass mean
diameter, does not easily give a total number of particles flowing
through the wind tunnel. It was chosen to define instead the distri-
bution on the glass slide as the number of particles above a given drop-
let diameter 4. The curves qhown in Figs. 9 through 17 describe the
distribution and number of particles collected on the total slide. The
correspording number of particles through the wind tunnel can be calcu-
lated by knowing the depth of the trapping cylinder and the exit diameter
of the tunnel. Figures 5 through 8 show the size distribution curves for
Runs 17 through 20. Based on their similarity, and the tabulated values
of mnd on Table I, it appears Justifiable to consider an average mass
mean diameter of 5.78 microns. (Note, the volume of a 5.78 micron
particle is approximately 1 x 1070 cupic centimeters.)

Known the mass mean diameter and the respective cross sectional areas

of the isokinetic probe and the wind tunnel, from the collected samples
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in grams per unit time, the number of particles flowing through the
wind tunnel per unit time can be calculated. It 1s expected then that
the count on the hot wire anemometer will maintain some relationship with
the number of particles flowing through the wind tunnel, as above obtailned.

The relationship has been plotted in Fig. 18. The count on the hot
wire anemometer has been reduced to counted impactions per minute, and the
number of particles flowing through an area equal to the
wire cross sectional area normal to the stream. If the coefficient of
impaction of the wire were unity and every impaction were recorded, the
relationship of the counted impactions per miﬁute to the particles per
minute per wire area would be as shown in the broken line of Fig. 18.
Figure 18 does show, however, the reliability of the hot wire anemometer.
The error in the count is linear with the concentration. This indicates
that below a given size drop the resulting voltage waes not sizable enough
to give a count, and that furthermore this number of -articles below
which no count is recorded increases linearly with aerosol output which
agrees with the noted similarity in size distributions for different runs
(Figs. 5 through 8).

A further correlation can be made. An estimate of the number of
particles with diameter large enough to cause a count flowing through
the tunnel per unit time can be obtained from the count on the hot wire
anemometer, provided 100 percent efficiency can be assumed. This number
of particles can be related to the corresponding number which would have
been collected on the glass slide had only those large enough to cause

a signal been kept. With this quantity, the size below which no countable
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signal resulted, or "cut-off diameter" can be obtained from the curves
in Figs. 9 through 17 for each one of the runs. The resulting cut-off
diameters for runs 21 through 25 are shown in Table II.

Summarizing, we note that for various aerosol concentrations the
hot wire anemometer showed a corresponding count which was directly re-
lated to the true concentrations. Inasmuch as the limitation of the
device as to smallest particle to cause a signal has not been of concern,
a cut-off diameter in the neighborhood of 3 to 5 microns was noted, assum-
ing the impaction coefficient close to unity. Now that the reliability of
the hot wire anemometer has been shown, its limitations and character-

istics are to be evaluated.

V. DISCUSSION AND ANALYSIS

1. Coincidence of Imp!ctions on the Hot Wire Anemometer Probe

With the present set-up one of the limitations of the hot wire
anemometer is that of simultaneous or infinitely close impactions. The
limiting component will be the electronic counter which will not re-
spond to frequencies above 120 kilocycles. This will imply that impac-
tions closer than 8 x 10'6 seconds will record only one count. In Run
25 the number of particles per wire area per minute was around 13000.

At a stream velocity of 11'/second (or approximately 8x10° inches/min, this
would imply that if all the particles were equally spaced and had a
diameter equal to that of the mass mean, then there will be a flow of
13000/1.2 x 10°2 or approximately 1 x 109 particles/minute per square

inch, and a total of 1 x 109/8 x 10% = 1.25 x 10° particles/in®. Each
particle would then occupy 8x 10'6 cubic inches and the mean distance in

between consecutive particles, if equal spacing occurred, would be of .02
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inches, or 2.5 x .'I.O"6 minutes apart which is much larger than the
value for which coincidence would cause an error in readings. For the
particles to be 8 x 10'6 seconds apart a concentration larger than
5x 1017 pe.rticles/in? would be necessary. It must be noted though
that the above assumes point sampling and coincidence due to particles
moving on the same path line. The possibility of coincidence in samp-
ling along the length of the wire is not completely ruled out by the
argument presented and can be evaluated by testing with wires of dif-
ferent lengths and comparing the results, or by knowing the arrangement
the particles assume within the stream, both in laminar and turbulent
flows,

2. Droplet Effects on Filament

The main purpose of the runs taken during this last period was to
obtain a correlation and evaluate the validity of the hot wire ane-
mometer as a sampling device., The phonomena of cooling by the droplets
is caused by heat conducted to the drop at a lower temperature than
the wire and by the impaction of the drop causing the wire to "swing"
and hence be cooled by the stream itself. This latter aspect would
allow this method of sampling to be applicable for solid aerosols as
well as liquid aerosols., It 1s expected, however, that the cooling
effect due to the droplet low temperature is of a much larger magnitude
than that caused by the "swinging'" of the wire.

During the runs reported an over-heat ratio of .4 was maintained.
With a tunnel air temperature of 25°C and a temperature coefficient of
electric resistivity of 5.2 x 1o"*(°c)'l it would imply a heated wire

temperature of around 120°C. The boiling point of dibutyl phthalate is
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of 340°C, so it would seem rather improbable that the droplets are
suddenly vaporized upon contact with the wire. Visual observations
have been made to see what effects the wire has on the drops. With a
100 x magnification the following was noted. With the wire at room
temperature the drops cling to the wire and group into larger drops
evenly spaced along the wire in a bead-like arrangement. Upon heating
the wire the drops were seen to rapidly decrease in size until they
disappeared. As they became smaller they were not noticed to "roll
off" nor to slide along the wire but remained in their original posi-
tions. The speed with which the drops travel doesn't allow their direct
visual observation as they impact and flow past the wire. A spark source
and photographic arrangement is being prepared to attempt to arrest the
particles and observe their behavior. While the wire was heated no
drops were noticed to cling on the wire but it appeared as if upon
impaction they disappeared quite fast without being repelled by the wire.
A small increase in the cold resistance of the wire (10.37 to 10.60)
was noted after a month and a half of testing. This slight increase
could be caused by repeated stretching of the wire by the impinging
droplets. The fact that the cold resistance has remained almost con-
stant 1s encouraging however as it indicates that unless the stretching
of the wire was such as to overshadow its effects on the wire resistance,
there has been no significant coating by the dibutyl phthalate or the

f-naphthol tracer.

3. Equations of Motion for Particles in Turbulent Streams

The hot wire anemometer is to be used as a sampling device in

turbulent streams. Once its capabilities and limitations are well
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known for its behavior in laminar streams, it will be tested in streams
with various degrees of turbulence.

The equations of motion of the suspended particles in a laminar
flow were developed in Progress Report 1 and are now extended to tur-
bulent flows.

Consider then a fluid stream of density P wvhich moves at a velocity
of t?f at any given point in the flow field. At the same corresponding
points aerosol particles of density °a. and velocity Ga are considered.
It i?f 1s steady and constant, eventuslly U, will be equal to it; but
when a change is made in .t?f, the velocity of the aerosol differs from
that of the fluid. This change in velocity of -ﬁf in general occurs
due to turbulence and also due to the boundary configuration of the
flow.

Considering first the aerosol particle, the forces acting on it
are the fluid-pressure force, the viscous-drag and the gravitational

force. This equation of motion of force for unit volume is:

i (U -U) . . (U -u.)a -
o,rhmfg ‘)(Ua-uf)f[—“—v—i—]-oapo (1)

For the fluid, investigating away from the solid boundaries the Euler's

equation applies
dﬁf .
Pogp *AP- P, 8 =0 (2)

Combining these two equations, the pressure drops out.

- -
du dv s
2. p L o(p -p) 5 .20
P 3 - Prat - (Pq - ) & -5 (U, - Up) (3)

d
The last term in the right hand side of the previous equation is the

drag on a sphere in the Stokes regime, Eq. (3) is a rather peculiar
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differential equation since it contains lagrangian as well asBEulerian
terms. The velocity of the aerosol is a function of time only in the
Iagrangian sense and therefore the acceleration has no space convective
terms as the acceleration of the fluid. In order to be able to obtain
correlation terms between the aerosol velocity fluctuation and that of
the fluid stream, a different approach will have to be found, writing
the equations of motion in terms of the relative velocity of the aerosol.
Since this approach is not available at the present time, Eq. (3)
is still useful for deriving some valuable conclusions. Expanding

Eq. (3) into its component form

du i 3 du du,]

8 £ £ £ { !
paat_'ptLY+uf5t_+vf5§_+wf3z__=d%(uf'ua)

av v v v v,

a 2 £ 2 gl 2
BT P [ e ey e E o () *)
dw [ & & v ]
’aEEg"’r_ f*“r&f*"fs&i”'r Ez_f‘ =("a"r)5+d£2&("r"'a)

Now if these equations are perturbed for the turbulent fluctuations,

say for instance U, = ﬁ; + u; and u, = G} + ul and after substitution of

b o
these quantities in Eq. (3) and the time average is performed
- - - - - =T  \=T—T
. EE& e Buf b5 B, buf 5 buf ) e . aufvf Bufvf].
adt P "X Ve HF TV F | Pe 2 &y

Pa 3 T ‘Ul ey Vel x Ty TR
Burs .3
a2 &



-16-

dw W o - v d'w. WL W'
8 by - f - f = f re £rr £
“"aE‘"’f‘&‘*“tY*va”’f&_!'”f [’W‘*T+‘3§'|=

oy - 30 + 2[5, - 5] (5)

According to these equations, the mean motion of the aerosol is arffected
by the mean motion of the fluid and the turbulent correlations of the
fluid velocity fluctuations. These equations are then modified forms of
the well known Reyﬁold.s equations.

One fact is certain and that is'if the gravitational settling is
small ,a.nd if pa > pf ,then since the acceleration of the particles is
about the same magnitude as that of the fluid particle, the inertia terms
of the fluid can be neglected. This indicates that the turbulent stress
terms are Jjust as unimportant as the mean fluid inertia terms. Thus if
the above assumptions are justified Egs. (5) reduces to the simple dif-

ferential equation for the mean flow

o 2@ ) (6)
d2

. Thermal Repulsion and Impaction Coefficient
The mass mean diameter of the droplets is of around 5 microns and

the diameter of the wire used in our tests to date is just under 5
microns. A question immediately arises whether the usual concept of
impaction coefficient, and if the assumptions of negligible thermal
repulsion forces still hold.

In Progress Report No. 3 it was shown that the ratio of the inertia

forces to the thermal repulsion forces for a 4 micron wire heated to
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130°C,and droplets with a thermal conductivity around .002 cal/sec
em °C ,is larger than 100. The conditions under which the reported runs
have been tested agree with these assumptions and hence it is conserva-
tive to consider the thermal repulsion forces as negligible.

The impaction coefficient due to inertia has been studied by
many experimenters. Some well known results are shown in Refs. (4)
and (5). They bave shown that the inertial impaction coefficient depends
on the dimensionless ratio of the forces necessary to stop the particle
in a distance equal to D, the diameter of the wire, to the drag forces
acting on the particle. In the Stokes regime this ratio, ¥, becomes
pdea/lBuD where P is the density of the aerosol and u is the vis-
cosity of the stream. For the conducted runs this ratio will be around
15. langmuir and Blodgett (Eq. (42) show that the impaction coefficient,

7, will be given as

7=K:+H (4s5)

where
Cc.d
H=1+.5708 (Eg") - .73 x 107 (Re)l"8
CD = drag coefficient and

Re = Reynolds number based on the droplet diameter.

For the conditions of our runs, y will then be around 96 percent.

As the ratio of the wire diameter to droplet diameter decreases
towards unity, in addition to a contribution to the impaction coef-
fieient from the inertia of the particles, there is an interception
effect which becomes considerable. 1In this case, even though the

center of the particle does not intersect the surface of the wire,
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it still passes close enough so impaction might occur. W. E. Ra.nz(s)
discusses also the effects of the electrostatic attraction, settling
and Brownian diffusion which might influence the coefficient of impec-
tion for very slow streams and small collectors.
Landahl and Hermn(7) considered the inertia and interception
effects additive and empirically obtained
3
a +p%+ apd

vwhere
a = 40O cm sec/gram

a=3x ].0'6 g2/cmgec?

B = 18uy

The above relationship, even though it wasn't obtained for particles
and collectors in the same size range as the hot wire and aerosol used
in our tests, gives an approximate value of y of 1.9 (190 percent).

W. E. Rang, in his report prepared for the U. S. Atomic Energy
Comnission (Ref. 6), argues that the efficiency of impactions are not
additive for separate mechanisms, but that a given mechanism may pre-
dominate at certain conditions. The interception effects become impor-
tant wvhen the ratio of the droplet to wire diameters approaches unity.
Assuming an ideal potential flow around the cylindrical wire he showed
that the coefficient of impaction y will be near 1.5 when the ratio of
the diameters is equal to 1.

Both landahl and Herrman's and Ranz's results will imply that at

the tested conditions an impaction coefficient around 190 percent or
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150 percent will be closer to reality than the assumed 100 percent
efficiency in Fig. 18 for the 1:1 response curve. It must be noted,
however, that the cooling effect of a droplet touching the wire on a

side will probably be less than that of a droplet hitting head on, unless
.evary drop which touches the wire will wet it and completely surround it.

It is probable then that a correction factor on the impaction coef-
ficient would be necessary to correct for errors in partial hits. These
effects can be evaluated to some extent by testing with different wire
diameters.

If the amount of cooling on the wire is independent on whether a
droplet hits head on or on & side, a relationship between cut-off diameter
and impaction coefficient can be cbtained.

From Fig. 18, the percent of uncounted particles can be obtained
for different impaction coefficients. If the slope of the full response
curve is m,, and that of the obtained count is m, then the percent of
particles not counted would be

-m

m
1
n=( =
1

) 100

For the tested conditions m is very close to .5, and the value
of m, is known upon assuming a certein impaction coefficient. In turn,
the cut-off diameter can be related to the percent of uncounted particleg
known the distribution. Using the aversge distribution shown in Fig.
8b the following relationship would exist if every drop completely “wets"

the wire, and "partial hit" effects would not be considerable.
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Impaction Percent Uncounted Cut-off
Coefficient (n) Diameter
100 50 3:5
125 60 4.0
150 66.7 4.4
175 1.4 L.7
200 5 5.0

The above certainly suggests a novel manner for determining the
coefficient of impaction combining the interception effects and inertia
effects. If the magnitude of the signal depends on the angle of hit,
it is conceivable that its effect, as well as the actual cut-off

diameter, could be directly obtained from measurements.

VI. CONCLUSIONS

In the past period the application of the hot wire anemometer as
& sampling device has been shown to be possible and reliable. A direct
correlation for the counted impections on the wire and the actual
concentration was noted. The limitations of the hot wire anemometer were
discussed and will be evaluated in the following m riods.

With these limitations as to "cut-off diameter" (or smallest drop
to yield a countable signal), aging, coincidence and impaction effects
known, the wire tested could be used to evaluate the diffusion and
motion of an aerosol in a turbulent stream.

In the next period tests will be conducted, after obtaining a
better filtering on the signal from the hot wire anemometer, to deter-

mine the limitations of the wire in its application as a sampling
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device. By testing with different over-heat ratios, different wire
sensitive lengths and diamdters, we will attempt to get insight as to

the impaction coefficient, coincidence and partial hit effects.

TABLE 1
Run Number Count in 10 Secopds M.M.D. CC/Min. Thru Probe
17 107 6.2 .00023
18 86 5.7 .00025
19 137 5.7 0004
20 284 7.5 .00125
21 583 4.5 .0023
22 382 4.3 .0018
23 L7y 6.6 .0024
2l 610 6.5 -0029

25 712 5.4 .0036
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TABLE II
Run Number Cut-off Diameter, Microns*
21 2.8
22 3.4
23 5.3
2k 5.6
25 4.8

Note: (Cut-off diameter was under 2 microns for runs 17

through 20.)

*Assuming 100 percent efficiency of impaction.
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